Data envelopment analysis (DEA) is a mathematical approach to measuring the relative efficiency of peer decision-making units (DMUs). It is particularly useful when no a priori information is available on the trade-offs or relationships among various performance measures. A shortcoming of the DEA model, however, is its inability to provide a measure of absolute performance for the DMUs under investigation. Traditionally, in the service sector, this has not been an issue that one could address, because performance standards in that sector have been difficult to establish. However, in those settings where it has become feasible to develop such standards, it is desirable to build these into DEA performance evaluation, thereby enhancing the capability of the tool. While there have been some attempts to incorporate standards into the DEA structure, these approaches have generally been indirect, in the sense that they have focused primarily on restricting the DEA dual multipliers. This paper introduces a new way of building performance standards into the model. Utilizing the conventional DEA framework and a set of activity matrices, a set of standard DMUs can be generated and incorporated directly into the analysis. We show that under normal circumstances, these generated DMUs are efficient relative to the normal ones, and therefore form a type of outer frontier against which regular units can be evaluated. The proposed approach is applied to a sample of 100 branches of a major Canadian bank, where time standards are used to generate a set of standard bank branches.
Introduction
Data envelopment analysis (DEA), conceived by Charnes et al. (1978) , provides for the measurement of efficiency of each member of a set of decision-making units (DMUs), relative to the other members of that set. This original constant returns to scale (CRS) model has been applied in numerous settings over the past 25 years, and various theoretical extensions to the basic structure have been developed. See, for example, Banker et al. (1984) and Charnes et al. (1985) . A full review is provided in Cooper et al. (2000) and Zhu (2003) .
The traditional setting in which the DEA concept is applied presumes that only a relative efficiency measure is attainable, in the sense that only observed performance is available. One of the key areas where DEA has proved to be a useful model structure is in the assessment of bank branch performance. Since the earliest application in banking, discussed by Sherman and Gold (1985) , numerous studies have followed, including those by Berger and Humphrey (1997) , Barr and Siems (1994) , Schaffnit et al. (1997) , Cook et al. (2000) , and Cook and Hababou (2001) .
In many situations to which the DEA concept applies, it is possible to obtain "production standards." While the development of standards is not practical in many service settings, as pointed out by Sherman (1988) , in a number of situations such standards are becoming more readily available. The performance of transactions in banks is one such setting where time and motion studies are routinely conducted for the very purpose of developing such standards. During earlier studies by Cook et al. (2000) and Cook and Hababou (2001) , bank management expressed the desire to move beyond the relative efficiency measurement of DEA to setting performance targets based upon absolute potential for any given branch.
In this paper, we examine in detail the incorporation of production standards directly into the DEA structure. The idea of combining standards with the DEA methodology has been examined previously by Golany and Roll (1994) by way of adding "standard DMUs" directly into the comparison group. In this way one can evaluate a DMU's performance, not only against best practice, but against best possible performance as well. In many settings, however, it is not obvious how such standard units would be developed. Cook et al. (2000) and Cook and Hababou (2001) indirectly imposed a form of standards in their DEA models for bank branch efficiency, through the AR (Assurance Region) restrictions (see Thompson et al. 1990 ) aris-ing from required bounds on output multipliers. This latter approach, however, does not lead to the setting of absolute performance targets.
In this paper, a methodology is presented for generating a set of standard DMUs that serve as an "outer" frontier, beyond the usual frontier of best performance among observed units. While not directly related to the issue of standards, the idea of adding new DMUs has been explored by Wilson (2000, 2004) , and others. That work uses bootstrapping to generate additional units, allowing for a statistically valid estimation of the efficient frontier, and thus a valid estimator of the distance measure from that frontier.
In §2, we discuss the bank branch setting that is to be used as the backdrop for the development herein. Section 3 presents the model structures used to incorporate performance standards into the DEA framework, and shows how such standard data can be applied to arrive at a set of standard DMUs. Utilizing this new methodology, §4 presents a full analysis of the efficiency of a sample of 100 branches of a major bank. Conclusions and suggestions for further research are provided in §5.
Production Standards in the Banking Sector
In the current competitive environment, banks are very conscious of the need to monitor branch performance. Thus, it is typical for the organization to attempt to develop "standard processing times" for the wide variety of transactions performed by branch staff. The particular problem setting studied in this paper is that of a major Canadian bank, where such standards have been monitored over many years.
In current bank settings, branch consultants will generally select a representative subset of branches for study. Time studies are then conducted on the various transactions being performed by staff in those branches. In the past, when a transaction was performed at different times by different levels of staff, the practice was (and in some banks, still is) to take as the "standard" the overall average of the observed times obtained. In banks, as in many organizations, products or transactions can consist of various component parts. In the case of sales transactions, an example might be the opening of a mutual fund account. The first component would involve the specialized work carried out by a financial advisor, and could include a review of the customer's portfolio. In a second component of this transaction, the more routine work of photocopying of forms, general filing, and data entry might be done by less-specialized staff. There may even be a third component that would involve the back-office work.
More recently, banks have attempted to capture more specific information on transaction standards. Specifically, they strive to identify the different average processing times arising when a transaction is performed by different categories of staff, or even by individual staff members. An example would be where general service staff, who would normally do counter transactions, also sell mutual funds. Alternatively, sales staff (financial advisors) will often take over counter duties when available to do so, and when customer demand deems it necessary. One of the benefits of identifying standard processing times for different categories of employees is the resultant reduction in variability of those recorded times within any given employee class. In the following sections, a more full discussion of this is provided.
Section 4 provides a detailed analysis of a set of bank branches, and introduces developed time standards, leading to standard branches. First, we develop in §3, the necessary methodology to augment the usual DEA model.
A DEA Model with Production Standards
We assume that there are n DMUs j j = 1 n , with each consuming a vector of m inputs X j = x 1j x 2j x mj , to produce a vector of s observed outputs Y j = y 1j y 2j y sj . The efficiency of DMU j o (=DMU o) relative to the others in the comparison set can be measured by z * in the following constant returns to scale model due to Charnes et al. (1978) (CCR):
where is a non-Archimedian infinitesimal. Using the Charnes and Cooper (1962) 
, and letting i = tv i , r = tu r , Model (1) can be converted to the following linear-programming problem:
Model (2) is referred to as the CCR multiplier DEA model, and r , i the output and input multipliers, respectively. We now examine the incorporation of production standards into the DEA framework.
Multiple Processor Standards
In many service, and most manufacturing settings, production standards will have been developed that specify the amounts of various inputs, such as different categories of staff, required to produce a unit of each of various outputs. Such standards can generally be expressed in matrix format, with rows indexed by the different resource or input requirements, and the columns by the products or outputs generated. In this section, we develop the general case where different staff categories (multiple processors) may be capable of performing the task needed to complete a given portion (component) of output r. As a starting point, however, and to introduce the ideas, let us first suppose that a given input i required to produce an output r can be supplied by only one type of resource (e.g., by only one category of staff). We refer to this as the single available processor for this component of output r, the ideas of which were examined earlier by Cook and Zhu (2005) . In the interest of completeness, we briefly summarize the main points of this special case. For the single processor setting, consider the existence of an activity matrix A = a ir , where a ir defines the known amount of input i (for example, a standard time unit of that input), required to produce a single unit of output r. To incorporate this standard into the DEA framework, we propose to determine the maximum levels of outputs possible for each DMU, given the amounts of inputs consumed by those DMUs. In most instances, these maximal output levels will exceed the observed levels (see Assumption 1 later). Thus, two versions of each DMU will be available-the observed and the standard (best possible) versions.
We propose the following mathematical-programming model for deriving the standard version of the DMU. Let w r be a set of weights to be determined in association with the (unknown) outputs y ro , and consider the model 
Here, x io is a resource limitation on the amount of input i (for example, total allowable time) available to DMU o to be used in the production of outputs r = 1 2 s, in the amounts y ro . represents any additional imposed restrictions on the values that the outputs can assume. For example, can represent lower-bound restrictions on the amount of output y ro , across all DMUs, given the current levels of inputs. In this case, letting y min r = min j y rj , becomes y rj y min r for each r, across all DMUs j. In what follows, we assume that such lower-bound restrictions are in affect.
Model (3) basically determines the optimal or possible output levels for DMU o, given the current input levels x io for that DMU. In its current form, (3) For each DMU j j = 1 n , Model (4) then generates a new "standard" DMU that can be used in the DEA analysis. These standard DMUs generate an outer frontier. Clearly, some of the standard DMUs are likely to be dominated by other standard DMUs, depending on the inputs used to generate these new outputs.
We point out that in the development of this paper we are restricting attention to "technical efficiency," and do not take account of the fact that market conditions may in fact impede the attainment of the computed standard output levels. As will be apparent, however, our model is easily extended to allow for the imposition of upper limits on these allowable outputs.
In the above single-processor situation, it is assumed that a given resource type is rigidly dedicated to a specific component of a product. Now, suppose that the organization has the flexibility to assign some staff categories to various components. In the problem setting examined in §4, it is the case that service staff, who would normally dedicate their time to performing counter transactions, do in actuality become involved, albeit in a limited way, in the sales function of the branch as well. Alternatively, sales staff will, when needed, perform functions normally handled by service staff. This is somewhat analogous to the situation found in manufacturing, where programmable machines such as robots can act like their human counterparts by performing many of their duties. Thus, we consider here not only the use of time-study data, but as well the broader area of time, motion, and methods. With this multiple-processor assumption, we generalize the above single-processor structure, and assume that for each resource category (e.g., staff 
It is important to note that in the application discussed in §4, time standards are used in developing the "standard DMUs." These time standards are based on observed times of bank branch transactions, and because of the variability in these observed times, we have chosen to use averages for purposes of creating such standards. This being the case, it is possible that a given branch could conceivably perform better than average-hence, better than the standard. In practical terms, this eventuality would generally dictate that the chosen standards would need to be modified. For purposes of development here, we will assume that the standards chosen behave in such a manner that this phenomenon does not occur. Specifically, we impose the following assumption: Assumption 1. The feasible region in (5) constitutes a closed bounded nonempty set, so that for each DMU j, x ij y rj is a feasible solution.
In problem (5), the constraints i i lr = 1, imposed on the variables i lr , specify that the total, across all resource types i, of all proportions of the lth components of y ro must constitute 100% of that component.
Unlike (4), problem (5) is nonlinear due to the product of variables i lr and y ro . The following theorem, however, provides for a linearization of this problem. r be an optimal solution to (7). Then, by duality of (6) and (7),
where y * ro is an optimal solution to (6), and * r is optimal in (2). By virtue of Assumption 1, which specifies that problem (6) is feasible in the presence of the data for any existing DMU, and the duality of (6) and (7) 
Thus, by virtue of (11) and (12), the standard DMU x io y * ro is efficient under Model (2).
Determination of Output Weights * r
One may note that Model (2) usually does not yield unique optimal solutions. However, this should not be a problem, because the * r are only used as weights to aggregate the multiple outputs. A different set of optimal * r may lead to a different set of standard DMUs that are all efficient under DEA Model (1) or (2). Again, this is not really an issue, as our objective here is to obtain one set of standard DMUs.
Note that it may be desirable that the * r be positive for all r. To achieve this, one can select a real value for in Model (2). However, as indicated in Ali and Seiford (1993) , caution should be exercised when selecting a proper value for .
Alternatively, we may use the strong complementary slackness condition (SCSC) solutions from Model (2) to obtain a set of positive multipliers. The SCSC states that there exists an optimal solution * j s For efficient DMUs, s − i = s * r = 0 in all optimal solutions to Model (13). Therefore, for efficient DMUs, if we obtain a set of SCSC solutions, we can always have a positive * r from Model (2). We use the following model to find an SCSC solution for a specific efficient DMU o:
We solve (14) and remove positive j , r , and i , and then re-run (14) until the optimal value is zero, i.e., all j , r , and i are removed from the objective function. An optimal multiplier solution pair * r * i that satisfies the SCSC is the average of all r i in each step (see also Chen et al. 2003) .
We finally note that we can incorporate AR restrictions into Model (2) (Charnes et al. 1990 , Thompson et al. 1990 ). In most cases, Model (2) with ARs is very likely to yield positive optimal multipliers. To illustrate the AR approach, suppose that we wish to incorporate additional inequality constraints on the output multipliers of the following form into the multiplier DEA Model (2): 
Here, the ro represents multipliers that serve as "numeraires" in establishing the upper and lower bounds represented here by r , r for the multipliers associated with outputs r = 1 s, where ro = ro = 1. Prices can be used to develop the AR bounds, such as is the case in Thompson et al. (1990) . See also Cook et al. (2000) . However, data for development of such bounds is not restricted to prices. For example, Zhu (1996) uses an assurance region approach to establish bounds on the weights obtained from uses of analytic hierarchy processes in Chinese textile manufacturing to reflect how the local government is measuring textile manufacturing performance. Other ways to impose additional constraints on the multipliers are also available (see Cook et al. 1991) .
Let represent all imposed conditions on the output multipliers in Model (2). We here present our approach in the following three steps.
Step 1. Solve the following model, which is a modification of Model (2):
If represents the ARs in (15), then Model (16) is Model (2) with (15).
Step 2. For each DMU o, solve Model (6) using a set of optimal * r . Model (6) yields a new set of n units that serve as standard DMUs.
Step 3. We denote this new set of DMUs as DMU k = x ik ȳ rk , where for DMU k , the ith inputx ik = x ik and rth outputȳ rk = y * rk k = 1 n . Now, solve the following DEA model:
Model (17) is actually Model (16) with the n original DMUs x ik y rk and the n standard DMUs x ik ȳ rk that have been generated.
Production Standards in Bank
Branches: An Application
The Factors
We here apply our proposed approach to a set of 100 branches of a large Canadian bank. The data used to evaluate the sample of bank branches consists, on the input side, of three staff types, sales staff, service staff, and other staff. On the output side, we use the most important service and sales transactions performed at the counter within the branch (transactions performed using ATMs are ignored here). Specifically, from the full set of counter transactions, the top nine of these were selected for use in evaluating performance. We do point out that some groupings of transactions have been created, as discussed below. While these nine activities do not represent the full range of transaction types, they do account for over 80% of the volume of work carried out (in terms of time). For performance measurement purposes, it is felt by management that this large (80%) fraction of the activities is representative of the overall branch effort. Outputs have been grouped under two general classesservice outputs and sales outputs. Under each, the figures to be used represent the number of transactions during a recent fiscal year. The following is a brief description of the transactions.
Service Outputs
Deposits-all counter deposit transactions within the branch;
Account Openings-number of interest-bearing personal accounts opened;
Withdrawals-number of withdrawals from interestbearing accounts;
Passbook Updates-number of updates of customer passbooks on accounts;
Transfers-number of in-branch transfers of funds between accounts;
Visa Cash-number of cash advances from Visa.
Sales Outputs
RRSPs-number of registered retirement savings plan account openings. (At the time of data collection, other sales activities such as GICs (Guaranteed Investment Certificates) and mutual funds were relatively minor, and have been lumped in with the RRSPs);
Letters of Credit-number of "standby" letters of credit issued;
Loans-all account openings corresponding to personal and commercial loans, and including all mortgage loans.
It is noted that many types of loans are offered within the bank, and these have been combined here under a single heading (Loans). This aggregation is reasonable in that estimated processing times for the various categories are similar. The same statement is true of the combined personal and commercial deposits, grouped together as Deposits, and Table 1 .
Sample data.
of various financial services products grouped under the heading RRSPs. While we do not present the full data set here, Table 1 provides the data for a sample of the branches. For example, in the case of Branch #1, approximately 23 staff were on hand during the one-year analysis period. This was broken down into 4.95, 7.7, and 10.6 sales, service, and other staff members, respectively. Because of fluctuations in staff levels over time, the figures shown represent average complements. Counter deposits, for the period, numbered 87,649. The corresponding numbers for withdrawals, passbook updates, account transfers, and Visa cash advances were 3,981; 2,636; 88; and 551, respectively. The reason for the relatively low numbers for these latter four transaction types, in comparison to deposits, is likely that the majority of these tend to be performed through ATMs, whereas deposits, particularly in the form of cash, are commonly handled at the counter. In the case of this branch, there were 841 account openings (across all types). On the sales side, the total number of investment products sold (in the form of accounts opened), including GICs, mutual funds, and RRSPs, was 990. Letters of credit and loans, including all mortgages, accounted for 820 and 431 transactions, respectively.
To develop the ARs, we use the data (upper and lower limits) in Table 2 . These are the ranges for the time estimates to process one unit of the relevant output. It is noted that these are based on observed times across all employee types. For example, for deposits, the range is 0.13 to 0.19 hours. For account openings, the range is 1.4 to 2 hours. As discussed earlier, assurance region constraints can be created by using one of the transaction types as a numeraire against which to compare the other types. In our case, we compare the processing times for all transactions against that for deposits. Hence, the appropriate AR for "deposits" versus "account openings," can be expressed as 0 13 2 deposits openings 0 19 1 4
In a similar way, we can develop the other ARs. The full set is presented at the Online Collection.
Standards and Allowances
In a pure industrial setting, labor standards normally are set in a manner that makes provision for "allowances"-personal breaks, machine downtime allowances, etc. These allowances help to account for time when the employee is available, but cannot be producing units of the product. Unutilized (unproductive) time beyond these (allowanceaugmented) standards would contribute to inefficiency. In a setting such as that found in bank branches, the situation is more complex. Consider the example above, where the "product" is the sale of a mutual fund. As described, time estimates for completing all activities surrounding the opening of a mutual fund account for the customer can be obtained by conventional time study methods, in the same manner one would in a manufacturing setting. The difficulty in the bank branch situation is in accounting for sales staff time when they are not involved "directly" in producing units of financial service products. Much of the employee's time is expended on activity relating to producing sales, but not directly associated Table 2 . Transaction processing times. with any particular product. Activities such as responding to customer enquiries, conducting portfolio reviews, and telephone sales promotion, all constitute important, but "nonvolume related" activities.
In the current setting, branch staff members were asked to record the approximate portion of time spent on these nonvolume related activities. This factor was then used to adjust total staff time to "available" staff time. It is this available time that has been used to perform the efficiency evaluation within branches. It is this element of performance evaluation that renders the bank branch setting distinctly different from the traditional industry situation. In the latter, the job definition of the employee directly connects all activities of that person to tangible products produced. With the sales employee in the bank branch, many intangible activities are designed to support those tangible activities, but which cannot be attached to any particular product or volume.
The Analysis
To develop the standard DMUs corresponding to the existing actual branches, three tables were developed showing the standard times for three components for each of the three staff classes. Tables 3a, b , and c present the numbers of standard hours needed to carry out one transaction of each type. For example, Table 3a shows the production standards for sales staff. We note that for a sales activity such as "Loans," the sales staff can perform all three of the components, namely primary, secondary, and any activities classified as other. In the case of this activity, the primary component would constitute the actual time spent with the customer, gathering information and filling out all the necessary forms needed to complete the main transaction. In this case, the standard time required for this activity is 1.73 Table 3a .
Standards for sales staff. hours on average. The secondary activities (requiring 1.6 hours) might involve filing, making copies for back-office staff, and so on. Those tasks classified as "other" (needing 0.12 hours) would include any follow-up with the customer. For a service activity such as transacting a "Deposit," sales staff will only be involved in the primary and secondary components (in this case taking 0.085 and 0.111 hours, respectively). We use a dummy time of 100 hours here to signify that this time is disallowed. That is, in the optimization, no sales staff time will be allotted to the "other" component of any deposits because of the large coefficient (100 hours) associated with this activity in the objective. It is noted that the standard times to perform service activities using service staff are, quite naturally, lower than is true of the times for sales staff performing the same activities. Note as well that, for a deposit, the primary activity using service staff requires only 0.065 rather than 0.085 hours.
As pointed out earlier, we take as a standard the average of the observed times for any employee class. One might dispute the wisdom of allowing this less than the best possible time to represent the standard against which branch performance will be evaluated. Specifically, if it is possible to achieve the upper limit shown in any case, why not use that as the standard? The argument for using an average here, as in any manufacturing setting, is to adopt a fair value that can reasonably be replicated over an extended period. The odd case where a deposit can be performed in an unusually short period of time is likely not attainable in many, or even most, instances. This is even more the case in settings like the one here, where different customers have different needs (and speeds); hence, the average should be the value that would be typical of the average customer. Thus, we argue that it is reasonable to adopt the average as the standard against which to evaluate the branch. Model (16) was solved using the AR constraints. Twentytwo of the 100 branches are AR efficient (see the Online Collection). Using the multipliers obtained from the solution to Model (16), for each branch, Model (6) is solved to obtain the "standard" output values. Table 4 displays the amounts of each output and component to be performed by the different staff types for a particular DMU (#1). For example, service staff would perform the primary function on all of the recommended 4,502 deposits, while the secondary component is split between service (2,301) and Other staff (2, 201) . Other staff do all of the remaining (Other) tasks. The last row of Table 4 summarizes the recommended standard amounts of each output for this sample DMU.
With the computed 100 standard DMUs, we then run Model (17). Based upon the efficiency scores for the 100 original DMUs resulting from both Model (16) and Model (17), we note that the average efficiency of the 100 original DMUs drops from 0.92 to 0.72.
It can be seen that all of the original AR-efficient branches become inefficient, except for the two DMUs, 15 and 65. That is, branches 15 and 65 remain AR-efficient when the 100 standard DMUs are introduced. Also, as expected, the efficiencies of all other branches drop when the 100 standard DMUs are introduced.
With this introduced new "frontier" composed of the 100 standard DMUs, we are also able to rank the branches with respect to their new efficiency scores. One important feature is that the original efficient branches, other than branches 15 and 65, do not have ties in their rankings. As a result, a complete ranking of those branches can be obtained.
Conclusions
As noted in Sherman (1988) , development of performance standards is not practical in many service organizations. For a standard to be meaningful, it must reflect the resources needed to produce an output. Because subjective judgment is generally an important issue in most service organizations, input-output relationships are often not well defined. While DEA has proven to be an excellent method for performance evaluation, it only identifies best practice, and may not reflect the "true" frontier. This paper develops an approach wherein performance standards, when available, can be built into the DEA analysis. As a result, DEA is extended to settings where standards can be identified when multiple performance measures are present, and where their interrelationships are not completely known. A possible future study is to develop an iterative procedure for moving from one set of established standard DMUs to a better set of such DMUs.
The identified standard DMUs generally form an outer layer of the efficient frontier, compared to the DEA bestpractice frontier, presuming that no existing DMU is performing above standard. Consequently, a ranking of the entire set of DMUs becomes possible.
We finally point out that in the current application, it is assumed that it is only staff availability that is restricting the branch from creating more outputs. Clearly, a host of other factors are, in fact, also playing a part in bank branch operations, for example, available computer technology in the branch, and the influence of ATMs and other e-business initiatives. In an earlier paper by Cook et al. (2004) , some of these impacts are addressed. An important issue in regard to the output side of performance is the maximum number of customers per day that the facility can physically handle (due to limitations on availability of parking spaces, floor space, etc.), and most importantly, on the demand side, the maximum possible number of transactions that are reasonably available in the market. On the latter, it is clear that economic conditions influence the way people invest, and these have little to do with availability of resources in the branch. Furthermore, allowances built into "production" standards would need to be sensitive to prevailing training and retention issues, and are consistent with industry norms. Therefore, a follow-up study may examine how standard DMUs change when we consider these factors. This may involve the use of stochastic DEA because we may not know what the market can bear in terms of the number of additional customers whom the branch can attract.
